
To the Corppration of 

The Rockefeller Institute for Medical Research 

Bew York City, KY. 

Gentlemen: 

The following le a report of the Scientific 

work carried on in the wards and laboratories of the 

hospital during the past year. 

. 



Report Of Dr. Rivers with Dr. Valentine. 

A. Clinical Study of Cases of Chicken-pox and Measles in 

the Hospital - Fifty cases of chicken-pox were admitted to the iso- 

lation ward for observation and treatment. In no instance vas any 

relationship between herpes zoster and chicken-pox noted. 

Eleven cases of measles were admitted for treatment. 

In the spring of 1926 during the outbreak of influenza, 

fifteen cases of upper respiratory infection were admitted for 

treatment. 

B. Experimental Study of Chicken-pox in Monkey@2 The 

lesions observed in monkeys 1 testicles inoCulated vith emulsified 

human varicella papnlea and vesicles were described In a previous 

report - In the emeriments reported at that time several species 

of monkeys were employed as well as rats, rabbits. guinea pige, and 

chickens. As will be reaoembered, significant lesidns, nuclear In- 

clusions, uere found only in the testicles of African vervets 5 and 

6 days after inoculation, and not in other inoculated tissues of 

the same animals;nor anywhere in the other eqerimental annals. 

Furthermore, Mmilar inclusiona were x&t fomd in the testicle8 D$ 

a Qf3Y'Qet inoculated vrith normal skin. The inelus~ons were the 

eosin-staining nuclearbodies whMiax% coneistently associated 

with certain virua &iaeasee B,& whlcb, regardless of their natirre, 

indicate to many Vorksre the presence of 8 virus. Therefore, in 

vien of these facte, It uas deemed not unlikely that the acidophilic 

nuclear inclusia3ne in the vervetst testicle0 acre manifeatationa 

of the presence of a virus. The nature of the virus had not been 

studiod at the time of the previous report., ‘Recently, hwover, ox- 

periments vere performed to obtain, if possiblo, addi tional inform- 
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ation concerning the suspected virus'and the results of this rrork 

nil1 be presented briefly below. 

In this work we were immediately confronted 31th the 

problem of obtaining vervets. Green monkeys, a very closely re- 

lated species, were available. These monkeys have also proven 

satisfactory as nuclear inclusions have been found in their testi- 

cles, 7 of 9, five days after injection of emulsified varicella 

vesicles and papules. 

The experiments reported at this time vere conducted to 

determine whether the eosin-staining nuclear indusion in monkeys' 

testicles inoculated with emulsified varicella lesions are speci- 

fically associated with the virus of varicella. In connection with 

this phase of the work six experiments, consisting of neutraliza- 

tion and reinoculation tests, Rere performed. The results of the 

work are sumcmrized in the following table: 

ry of Results of Neutralization and Reinoculation Tests 

- 
Nuclear 

IUp. .Monkey State of Monkey Inoculum Inclusions 

76 Normal Virus + convalescent serum - 
1 82 II II + normal eerum + 

. 
4 11 II + convalescent serum 

2 5 II n + nod serum 

62 II II + convalescent serum 
3 68 II II + normal serum + 

-- - 
A  Actively immunized virus 

4 61 NOlTll&Xl II + 

61 Actively immunized virus 
5 89 ~~oxnEl.1 Virus + convalescent serxnn - 

88 II II + no-1 serum f 

63 Normal Virus + convalescent seruril - 
6 80 II II + normal serum * + 

-- 
f indicates presence of nuclear inclusions in testicles. 
- indicates absence of nuclear inclusions in testicles* 
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Many viruses produce characteristic macrospic lesions in 

animal 9 , or cause marked changes in their conduct. Such alterations 

and lesions serve as indications of virus activity. Under proper con- 

ditions the occy rrence of those c’hanges is specifically prevented 

either by mixing the virus Rith a homolo&ous irnnune serum prior to the 

inoculation of the animal or by injecting the virus alone into an ani- 

mal previ ously immunized by neans of the same virus. Tn addition to 

the characteristic macroscopic lesions already mentioned, nany viruses 

also produce equally characteristic microscopic changes as evidenced 

by the presence of inclusion bodies in the nuclei and cytoplasm of in- 

juzed cells. Sometimes, however, the nicroscopic changes are the only 

manifestation of the presence of a virus. When such a condition arises, 

as it .has in the work with varicella in nonkeys, there is no obvious 

reason why the nicroscopic changes, inclusion bodies, should not be used 

as guides or indicators nith the same degree of readiness as that with 

nhich the macroscopic lesions are employed. 

I¶any workers believe that 

sions are the manifestations of the 

ruses, amongst which is varicella. 

the eosin-staining ;luclear inclu- 

presence of certain filterable vi- 

Consequently at the tine of the 

previous report there were reasons for the belief that the nuclear in- 

clusions found in the monkeys 1 testicles inoculated with emulsified 

varicella papulee and vesicles were produced by the action of vari- 

cella virus. Proof of >hiB was obtained by neans of the experiments 

Bkmarized above, and consists, in brief, of the fOlh7ing facts- 

Nuclear inclusions were not 

-m%%ture’of varicelzla’virua 

other hand, they were found 

found in monkeys’ testicles inoculated with a 

and convalescent varicella serum. On the 

in testicles inoculated tith a mixture 

from varicella patients early in the disease. Purthormore, the in- 



oculation of one testicle nith varicella virus prevented the forma- 

tion of nuclear inclusions in the other one qhan it was inoculated 

at a later date sith the same virus. 

C. Experimental Study of Measles. Special interest in 

neasled has been provoked by the recent work of certain investiga- 

tors. In vierr of’this aor?, Re felt that the study of neasles 

should again be undertaken here at the Institute.- As yet enough 

progress has’& been made to warrant a detailed report. 

D. Further Study of a Filterable Rabbit Virus (Virus III). 

In previous reports a description was given of the grmth and the 

persistance of Virus III in a transplantable rabbit neoplasm. Since 

then a study of the effect cf Virus III upon the growth and malis- 

nancy of the tumor has been made. This work na.s conducted with Dr. 

Pearce and the ‘results will be described by her. 

Virus III, as will be remembered, is indigenous to rabbits 

and was discovered in attempting to infect rabbits with the virus of 

varicella. !i%e rabbit virus offers an excellent OppOrtudty for the 

study Of a virus disease in its natural host, a relatively inexpe2SiVe 

laboratory az&m1. Since the virus in vitro is preserved with diff i- 

culty, even in glycerine, it has been necessary to transfer it from 
. 

rabbit to rabbit at intervals of 4 dqm over a period of 3$ years* 

Such a procedure is tine consuming and expensivei Hevertheless we 

felt that the virus should be kept available. Recently, however, 

ni th the aid of Dr* Hawkins, we have been able to show that the vi- 

rus in testicles frozen and desiccated is active after a period of 

3 months. Furthermore, the indications are that,, under such condi- 

tions, it will contirms active for an indefinite length of time. 



E. The Effect of Repeated Freezing (-1850 C.) and Thaning 

on Colon Bacilli, Virus III, Vaccine Virus, Herpes Virus, Bacterio4 

phage, Complement and Trypsin. The effect of low temperatures on 

bacteria, viruses, ferments, cells, and the bacteriophage has been 

observed and reported. The effect of repeated freezing and thawing 

on some of them has also been studied. The temperatures used, how- 

ever, as well as the number of freezings and thawings employed, var- 

ied greatly, and in many instances the effect on only one or two a- 

gents was studied by the same worker. Nevertheless some observers 

have stated that by means of repeated freezing end thawing it is 

possible to determine whether certain active agents are living or 

dead. In view of the inadequacy of the knonledge concerning this 

subject it seemed desirable to study further*the effect of repeat- 

ed freezing (-1850 C.) and thawing on vaccine virus, Virus III, 

herpes virus, and the bacteriophage as compared with that on colon 

bacilli, complment, and trypsin. 

The low temperature (-1850 C.) used in the work describ- 

ed below naa obtained. by means of commerci.al liquid air which was 

transported from the plant to the laboratory in Dewar flasks. Be- 

sired amounts of the air wera transferred to deep IMar beakers 

where small amounts of the substances to be frozen, enclosed in 

Eoguchi tubes, wero completely inmersod for several minutes. Af- 

tar the substances had beon completely frozen, thoy were quickly 

thawed in tap water (160 to 180 C.) . This procedure was repeated 

as often as desired. Then the treated substances, as Dell as the 

controls, were tested and titrated by standard methods. 

All experiments made to determine the effect of freez- 

ing (-1850 C.) and thawing on colon bacilli, Virus III, vaccine 



virus, bat toriophago , complunent , and trypsin were .repeateU several 

times and many of them were performed simultaneously. For conven- 

ience, honevor, the results of the experiments will be reported 

separately. 

@ ion Bacilli. It is a well established fact that many 

bacteria are killed by repeated freezirg and thawing, even when a 

temperature only a few degrees below 00 C. is employed. Colon 

bacilli are no exception to the rule. We were particularly inter- 

ested, however, in determining what influence the number of bac- 

teria per CC. and the type of suspending fluid have on the percent- 

age of organisms killed by repeated freezing and thawing. Our ex- 

periments indicate that colon bacilli are more susceptible to re- , 

peated freezing and thawing when Locke’s solution instead of broth 

’ is employed as a suspending fluid, that approximately the same 

percentage of bacteria is killed in the different suspensions made 

by means of broth, and that a greater percentage of bacteria is 

killed in the l-1,000 dilution made with Locke’s solution than in 

the l-10 dilution made with the same fluid. 

virus III. Virus XII is easily killed or inactivated 

by repeated freezing and thawing in spite of the high protein con- 

tent of the emulsion containing the virus. 

Vaccine Virus. A certain percentage of vaccine virus is 

dead or inactive after 34 successive freezings and thawinga, pro- 

vided the emulsion containing the virus has been diluted l-1000 

with Lockets solution before it is frozen and thawed. This virus, 

however, proved to be more resistant than any other of the active 

agents tested. 

Herpes Virus. Herpes virus, provided the ‘train emulsion 



containing it has been sufficiently diluted by means of Locke’s . 

solution, is killed or inactivated by repeated freezing and than- I 
I 

ing. / 
I 

Colon Bacteriophage. The results of our experiments 
I /t; : 

afford conclusive evidence (1) that phage is inactivated by re- 

peated freezing (-1850 C.) and thawing and (2) that the type of 

diluent influences the percentage of phage inactivated in this 

manner. Furthermore, it has been shonn that an increase in the 

dilution of the stock filtrate of phage by means of broth and 

distilled Tater does not at the eeme time lead to an increase in 

the percentage of phage inactivated ‘b;T repeated freezing end 

thaning . On the other hand, an increase in the dilution acccm- 

plished by means of physiological salt solution and Locke!s sol- 

ution does lead to an increaee in the percentage of phago inac- 

tivated, as evidenced by a greater percentage of phage being in- 

activated in dilutions of l-1,000 than in dilutions of l-10. 

These findings are similar to the onee obtained concerning the 

effect of dilutioqon tho percentage of bacteria killed by re- 

peated freezing and thawing. 

Com&xlont. Tho titer of complement in undiluted ser- 

um and in aerum diluted l-10 is not appreciably decreased by 12 

successive frooeings and tharrings. Complerncnt, honevor, in ser- 

um diluted l-50 and l-100 is inactivated by tech trcaimcnt. 

Trypain. Portions of a 5 per cant stock solution of 

trypsin were diluted l-10 and l-600 by means of a buffored sol- 

ution having a pH of 7. Half of each specimen nas used as a 

control, the other half pas frozen (-1850 C.) and thawed 12 

times. Care pas taken to inactivate none of the foment by 
. 
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shaking. After the amounts of active trypsin in the control and 

treated specimens were determined and compared it Ras found that 70 

per cent of the trypsin was inactivated in the specimen diluted 

l-500 vhile only 17 per cent was inactivated in the one diluted 

l-10. These results afford conclusive evidence that trypsin is in- 

activated by repeated freezing and thawing and that under these 

conditions a greater percentage is inactivated in a dilute solution 

than in a concentrated one. 

Dr. Xorthrop furnished the trypsin and deter;:ined the a- 

mount of active trypsin in the control and treated specimens. 

The nmerous diWXu38iOnS concerning the nature of the 

bacteriophage have led many invest&xtors to question more closely 

the living nature of some of the so-called filterable viruses. 

Many tests have been devised to act as criteria for the presence 

of life, but so far no one of them has been found satisfactory. 

Recently, Sanderson, using a temperature of -780 C., found no di- 

minution in the titer of two strains of phage subjected to 20 suc- 

cessive freezings and thawings. Since bacteria and cells are 

killed by repoated freezing and thawing, he concluded that the 

bacteriophage must be something other than a living organism. In 

the experiments described in the present report, a number of act- 

ive agents, some undoubtedly alive, others equally unquestionably 

not alive, and still others of a doubtful nature, were subjected 

to repeated freezing (-1850 C.) and thawing. In this wey it has 

been possible to show, as evidenced by the results of the exper- 

ments, that the mere destruction or the inactivation of a sub- 

stance by such treatment is not proof that it is possessed of 

life. 



F. St\* of Certain Cram-negative Bacilli Pound in Cultures 

from Throats. For several years before coming to the Institute I 

worked.with the hemophilic group of bacteria and along with Dr. Fildes 

and Dr. Avery I showed that influenxa bacilli (Pfeiffer) require for 

successful cultivation two accessory growth factors, one autoclave 

labile (v), the other autoclave stable (x). In addition to this, I 

found that, by means of these two factors, the Cm-negative hemophil- 

ic bacilli occurring in cultures from different sources can be group- 

ed according to their growth requirements, - some require the addition 

of only one factor, others require the addition of both. The following 

table shows which factor must be added in order to successfully culti- 

vate the different so-called heanophilic bacteria. 

Type Bacillus source V Factor I Factor 

Portussia bacilli Human 

Influenza bacilli 0 + + 

Parainfluenza bacilli Human and Cat + 

B. hemoglobinophilus canis DaR * 

Hemolytic influenza bacilli Human 4 + 

+ indicates factor must be added 
- indicates factor meed not be added. 

The findings concerning the growth requirements of the dif- 

yerent hemophilic 'bacilli have been confirmed and extended by other 

workers. It has been shown that the Koch-Weeks bacillus requires 

both x and v for growth and that it is identical with the influenza 

bacillus (Pfeiffer). Most workers, however, found that the hemo- 



lytic influenza bacilli, first described by Pritchett and Stillman, 

require the addition of only the v factor. Fildes, on the other 

hand, has recently reported that some of the hemolytic influenza 

bacilli require both x and v factors while others require the addi- 

tion of only the v. 

Xvanerous throat cultures and interest in the problem on 

the part of Dr. Valentine offered the opportunity of resuming the 

vork on the group of hemophilic bacilli. The folloning table shons 

that, from 45 throats mltured, 17 strains of non-hemolytic influ- 

enza bacilli and 15 strains of hunolytic influenza bacilli were ob- 

tained. Of the non-hemolytic strains, 15 required for growth the 
l 

addition of v and x, and 2 required the addition of only v. Of the 

15 hemolytic strains, 10 required the v factor alone, 3 required 

both the v and x factors, and 2 would grow through only 2 trans- 

plant generations in broth to which both v and x had been added. 

The 10 strain8 that required the addition of only the v factor 

grew rapidly on rabbits’ blood agar 

hemolysis around the colonies. The 

mall colonies with narrow zones of 

and produced wide zones of 

remaining 5 strains formed 

hemolysis. 

Occurrence of Hemophilic Bacilli. 

_Disease Bo. throats cultured Non-hemolytic bacilli Semolytic baci31 -_- 

Chicken-pox 27 8 7 

Measles 9 3 3 

Influenza 7 -4 1 4 --- 

x J.lETpS 1 1 0 

Miscellaneous L 

Total 

4 2 1 -- - 

45 17 15 



Since certain strains, as indicated above, require for 

gro-ilth the addition of only the v factor ;Ihile others require the 

addition of only the x factor, it soemed of interest to determine 

ahcthor members of these tno groups will continue to grow symbiot- 

ically t'nrough an indefinite number of transplant generations in 

broth to which neither of the growth accessory factors has been ad- 

ded. This was accomplished repeatedly in the folloning manner. 

A= B. hcmoglobinophilus canis, requires addition of x 

factor. 

L = B. parainfluonza, non-hemolytic, roquires addition 

of v factor. 
. 

B = Hemolytic influenza bacillus, reqnires addition of 

v factor. 

The media employed was autoclaved meat infusion broth, 

0.5 cc. used in making transfers. 

._-- 

A 4th generation - no growth as shown by test on blood agar 

L 3rd 11 II 11 II II II II II II II 
--- 

B 3rd II II II II II II II II II II 

A + L 7th generation - good growth. Subculture on blood agar plate 
showed 2 ty-pe colonies, From these A and L were recovered. 

A + B 7th genoration - good growth. Subcultures on blood agar plates 
showed hemolytic and non-hemolytic colonies. From these A end 
B were recovered. 

These experiments make it seem not unlikely that the bacilli 

requiring the addition of only the x factor synthosize the v, and that 

the ones requiring the addition of only the v factor,synt'nosize the x* 

That this is what actually occurs.has b&come more cvidcnt through oth- 

er experiments the details of which need not be given at t'nc present 

time. 
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Studies Concerning Acute Respiratory Diseases. 

Report of Dra. Avery and Heidelberger with Dr. Goebel. 

I. Chemistry of the Soluble Specific Substance. 

A. Type III pneumococcua. Since the properties of the 

specifically reacting polyanccheride of Pneumococcus mucosus had 

previously been established it was considered proper to add glu- 

cose to the culture medium. Greatly increased growth vas thus in- 

duced, and the yields of soluble specific substance rose from 6-9 

gm. per 300 liters to 35-40 gm. With these increased amounts of 

material, identical with the soluble substance as previously ob- 

tained without the aid of glucose, It has been poaaible to throw 

new light on the structure of the apecif ic polysacchsrideI 

W&en hydrolyzed in the cold with 75 per cent sulfuric acid 

the Type III substance yields a variety of acid products which it 

is po6aible to separate. These acid6 probably very in molecular 

weight, but all show one carboxyl group for every two sugar nuclei, 

as the acid equivalents range between 310 end 343. No glucose could 

be detected. On further hydrolysis by boiling for 5 hours with nor- 

mal sulfuric ataid the specific substance yields 9.5 per cent of glu- 

cose end 85 per cent of a disaccharide acid differing from aw known 

non-nitrogenous auger derivative. This acid is precipitated by basic 

lead acetate and purified by conversion into a crystalline morphine 

salt which melts at 153-60. The sugar acid, recovered from the salt, 

k’ is a white, amorphous powder with L.J + 10.00, a reducing power of 
D 

49.5 per cent, calculated as glucose, end an acid equivalent of 363 as 

against 356 calculated for Cll~~9Q~~;COQH.The acid gives the naphtho- 

resorcin test characteristic of sugar acids of the glucuronic type. 

Except for a slight difference in Fi> D, which was +7.80, the crude 
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disaccharide acid corresponded vLr, = 77 closely with the purified mate% 

ial in its properties. The reducing group of the disaccharide acid 

reacts quantitavely by the method of Willstatter and Schudel, thus 

showing it to be aldehydic in function, and the substance may there- 

fore be termed an aldobionic acid. When boiled for 20 hours with 

normal sulfuric acid much of the aldobionic acid was recovered un- 

changed. The filtrate from this contained 20 per cent of the start- 

ing material present as reducing sugars, calculated as glucose, gave 

H?, +54.1*, and readily yielded glucosazone melting at 203-40, Lql D’ 
initial, -54.50. final, -300 in pyridine - alcohol. Thus glucose ap- 

pears as a product of further hydrolysis of the aldobionic acid, while 

the acid half of the molecule is apparently destroyed by the prolonged 

boiling with acid. Potassium acid aaccharate was isolated after oxi- 

dation of the aldobionic acid with atrong nitric acid. No mucic acid 

could be found, ao that the acid half of the molecule can scarcely be 

galachronic acid. On oxidation with bromine the disaccharide acid 

yielda a dicarboxylic acid, but this is as difficult to hydrolyze 

further as is the aldobionic acid itself. . 

The above data are believed to show that the disaccharide 

acid is formed by condensation of glucose and a hexose-uranic acid, 

not galachronic acid, in such a way that one reducing group and the 

carbozyl remain free. It is thus a nitrogen-free analog of chondro- 

sin, the nitrogen-containing ‘disaccharide acid found in chondroitin 

sulfuric acid, a component of the mucroproteins. 

Since no glucose is split off during the preliminary hydeo- 

lysis of the Type III specific polysaccharide with 75 per cent sulfur- 

ic acid, and this a,~ is formed in small amount on long-continued 

hydrolysis of the aldobionic acid, it is believed that the glucose 



liberated during the hydrolysis of the polys~::r.ta:lde eves its ~r~g:i;~, 

not to a separate part of the carbohydrate ~~l:cul+, but chiefly to 

the secondary reaction'involving the aldobionic acid. Since, also the 

initial partial hydrolysis products show one carboxyl group for each 

two sugar nuclei, it would seem that the polysaccharide as a whole is 

built up of units of the aldobionic acid., A substance of this compos- 

ition, (C1~18~l~>n, should have an acid equivalent of 338 and a carbon 

and hydrogen content of 42.6 and 5.4 per cent, respectively. A com- 

parison of these figures with the experimental values shows an almost 

I 
P 

I 

I 

exact correspondence. 

It is therefore believed that the specific polysaccharide 

of the Type III penumococcus is a definite chemical individual built 

up of units of a difficul@ hydrolyzable disaccharide acid in which 

glucose and a hexoseuronic acid are combined in such a way that one 

aldehydic group and the carbowl remain free. The polysaccharide is 

thus unusual not only in its possession of irtununological specificity 

but in its chemical constitution as well. Whether its unusual struc- 

ture bears any relation to its immunological properties must be left 

for future work to determine. 

B. 'pgpe A Priedlander Bacillus. Py methods essenti&Y 

the same as those used in the case of the eoluble specific substances 

of Pneumococcw and the Type B Friedlander bacillus a nitigen-free 

polysaccharide with specific properties was isolated from the Type A 

Friedlander bacillus. It is a white, amorphous powder with marked 

acidic properties, and is readily soluble in water and dilute alkali. 

It rotates the plane of polarized light about 1000 to the left, and 

on hydrolysis yields glucose and a' sugar acid, recalling the behavior 

of the soluble specific substance of Type III pneumococcus. A further 
4 
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study of the Friedlander polysaccharide, especially of the acid 

fraction yielded on hydrolysis, is in progress. 

C t A Soluble Specific Substance derived from Gum Arabic l 

The wide distribution of specifically reacting polysaccharides among 

microorganisms of the most diverse types made it seem not impossible 

that such carbohydrates might be found among products derived frdm 

the higher plants. A test of a number of water-soluble gums of plant 

origin wa8 accordingly made, and occasional samples of gum arabic 

(gum acacia) were found Thich precipitated !Pype II (and Type III) a&- 

pneumococcus se= at as high adilution as 1:25,000, but did not pre- 

cipitrte Type I antis&m or nonnal horse semm By fractional hydro- 

lysis with 1:l bdrochloric acid the specific activl ty of’ the reaavef+ 

ed gum was increased 100 - 150 fold, about one-half of the pentose 

present lx+ ing ranoved. This method of purification did not consist 

merely in hydrolysis of acoompanying inert carbofWdrates, since up t0 

50 per cent of the original gum was recovered in the highly active 

f ractiun. It is therefore pbssi%1e that gum arable is converted into I 
a specific p a;i ysac&aride by removal of certala pentoee groupings in 

,, 
glucosidic un l bn. 

After fur&r p@ification the apecif ic fraction forms a 

white powder containing 0.08 per cent of tiitrogen. It is readily 

f-4 soluble in water and has marked acidic propertie& L 3y of the 

free acid is about -100 and that of the sodm salt about -140. The 

gum gives the naphthoresorcin test characteristic of substances con- 

taining acids of the glucuronic type. At a dilution of 1:5,000,000 

it still reacts with Type I‘1 antipneumococcus serum, and it also 

precipitates Type III antiserum, although not at such high dilutions. 

On hydrolysis with boiling normal sulfuric acid the specific gum 



readily yields c~stallii~e galactose and at least two complex sugar 

acids. One of these corresponds roughly to a disaccharide ac.id, 

with an acid equivalent of 427, a reducing power Of 44.6 per cent, 

and [<ID of +8.80, recalling the analoguus aldobionic acid shown to 

be the chief hydrolysis product of the soluble specific substance of 

Type III pneumococcus, and the acid hydrolysis product of the speci- 

fic polysaccharide derived from the Type A Friedlander bacillus. If 

these preliminary findings are borne out by further work ‘It would 

seem that disaccharide acids play an important role in the structure 

of many polysaccharides of specific function. The specific gum ara- 

bit is particularly well suited as material for a chemical study of 

acids of this type, since it may be obtained in unlimited amount. 

Precipitation of the specific gum arabic fraction with 

Type II pneumococcus antibody solution and recovery of the polysac- 

charide from the Immune precipitate gave a product resembling in 

its properties the material taken, but with an enhanced reactivity 

not only for Type XI antiserum, but for Type III antisem as well.. 

Had the substance in the specific gum capable of reacting with 

Type III eemxn not been the ~eme as the,portion reacting With the 

!l!ype II serum, it should have been left behind by a specific pre- 

cipitation with Type II antibodieed’ It would therefore appear 

that the specific’gm a.rabic contains fn a single substance the 

molecular groupings necessary for inter&Son with antibodies in 

both serad The greater variety of the hydrolysis products of the 

specific gum than in the case of the specific polysaccharides of 

bacterial origin hitherto studied ia aleo in agreement with this 

view. 

The reactivity of the specific gum arabic with Type II 



and !Pype III antipneumococcus gera recalls the relationship of the 

soluble specific substance of Type B Friedlander bacillus to that of 

Type II pneumococcus, an d may possibly also be accounted for on the 

basis of heterogonetic specificity. 

The relationship has already been alluded to between the 

specific polysaccharide of Type III pneumococcus and the carbohyd- 

rate portion of the mucoproteins. There is as well as a certain 

analogy to the pectins discernible in several of the substances 

studied. In this connection the finding of a specifically react- 

ing polysaccharlde as a constituent of gum arabic is of interest, 

and it is not impossible that sugar derivatives with specific pro- 

porties may oocupy a position of biological significance mzong 

higher forms of life as well aa emong bacteria. 

II. Purification of Pneumococcus Antibodice. 

J’eltonrs method, modified in a few details and made more 

precise, wae adopted as the most convenient method for the rapid 

concentration of pneumococcus antibodies, and the solutions so ob- 

tained were used as starting material for further purification. 

The fraotionatloae were controlled by agglutination tests and oc- 

casional protection tests. 

Of all the protein precipitant8 tested picric acid a$- 

peared to offer moat promise. lPppe I azitibbdies were generally 

precipitable by this reagent before all p’rotein in the solution 

ceme down, while in the case of Type II antibody solution a small, 

relatively inert protein fraction could usually be precipitated 

before the main portion of the antibodies mas thrown down. However, 

inactivation of the antibodies frequently occurred, end as this was 

believed to be due to the acidity of the picric acid, less strongly 
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acid derivatives of this substance were tried; namely, picremic acid 

zmd 2.6- dinitrophenol. 1Jo fractionation could be observed aith pic- 

ramic acid. 

mhon a Type I antibody solution was added to 2 volumes of 

saturated aqueous dinitrophenol (DNP) a relatively inactive fraction 

containing about 18 por cent of the protein was thrown down. wi tk 

larger amounts of IlNl? solution no precipitate was obtainod. In the 

case of ‘.llype II antibodies a first fraction similar to that obtained 

-nith the Type I solution was throrm down when 4 volumes of IEP solu- 

tion were used. On cautious addition of dilute sodium hydroxide to 

the supernatant a point could generally be reached at which most of 

the agglutinins were precipitated, although occasionally some anti- 

bodies romained in tho supernatant- Tho use of llNP finally discsrd- 

ed owing to tho difficulty of removing it sithout loss of antibodies 

and because of the relatively slight dogroo of purification obtain- 

able by its aid. 

A large number of adsorption experiments were then tried, 

using highly active, specially prepared alumina and purified kaolin. 

Concentration, pEI, en d amount of adsorbent nere varied in many Tays, 

and while it often seemed that relatively much protein was being ad- 

sorbed and relatively much antibody left behind the figures obtained 

were not sbfficiently far apart to #$vo the impression that any far- 

reaching purification had been effected. The difficulty of inter- 

preting protection end agglutination tests on any quantitative basis 

rendered caution necessary in ascribing real significance to any re- 

sults other than those shotling an extensive separation of protein 

and entibody. Such results were seldom obtained in the course of 

this work, and generally failed Of repetition. 



Almost all of the antibody solutions showed an optical ro- 

tation of between -420 and -490, but the fractions obtained from the 

same solution varied little, nor were there significant differences 

between the Type I and Type II solutions. 

Experiments on the olectrodialysis of antibody solutions 

nere also carried out, using various membranes and types of apparatus, 

but no encouraging degree of fractionation was observed. 

Dr. Avery and Dr. Tillett. 

Studies on Pneumococcus protoin Immunity. 

In the irmnunological mechenism of the pnoumococcus two 

se2nratc and distinct constituents of the cell have boen found to be 

operative: - one, the carbohydrate; the other, the protein of the 

organism. The antigenic function of these tvo substances give rise 

under certain conditions to two distinct antibodies in immune serum. 

One, the anti-carbohydrate antibody which is type-specific and which 

affords specific protection against infection in animals. The other 

is the anti-protein antibody which is species specific, but which 

does not react with the soluble type-specific substance (carbohydrate) 

of the cell nor can afford passive protection against the virulent 

microorganisms This antibody exhibits only the broader protein-anti- 

protein reactions of the species, precipitating solutions of the pro- 

tein of all types , and agglutinating only the non-encapsulated degrad- 

ed ‘3” strains of ‘pneunococcus. 

The knowleUge that the protein constituent of the cell, un- 

der certain conditions, gives rise in the animal body to an immune 

substance which differs in its immunological reactions from the type- 

specific antibodies, has led to en inquiry as to the occurrence and 
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significance of this antibody in human serm. The anti-protein anti- 

body has been demonstrated in the blood serum of corm%1 individuals 

in whcm there is no history of a previous attack of pnounonia. While 

the nmber of observations are at present limited, sfuclies are non in 

progress to detemine the frequency of occurrence and percentage in- 

cidence of this antibody in the blood of healthy persons. Moreover, 

the ssme ime body has heen demonstrated in the sorun of patients 

dttring the o3urse of lobar pneuuonia. Unlike the type-specific 

(anti-carbohydrate) antibody, which appears in the blood at or about 

the tine of crisis, the enti-protein substance has been found in sig- 

nificant mounts as early as forty-eight hours after the onset of the 

dl seaae . 

While as yet the obaemations are but few in number, these 

positive findings reveal in hurxm aeru~ the presence of a hitherto 

unrecogaized antibody which is specifically related to the antigenic 

protein of Pneuuococcus . The significance of the occurrence of this 

antibody in human sera, and its possible relationship to natural in- 

nunity in xmn, and to the imrunological processes of recovery in dis- 

ease await further invoatigation. 

Dr, Tillett. 

Studies on Immunity to Type III~Pneumococcu6. 

In the preceding report certain peculiarities of the re- 

action of the rabbit to Type III pncmococcus infection nere broup&t 

out. These were: 

1. Low vitience of this orgenian for rabbits. 

2. Absence of type specific antibodies in the blood serum of 
rabbits imunized with Type III Pnemococcus. 

3. Presence of anti-protein antibodies which are specie& 


